ing validated health status measures: EQ-5D, the Patient Health Questionnaire-9 (PHQ-9), and the Pain and Disability Questionnaire (PDQ). Our hypothesis was that QOL would improve for all patients after primary and revision discectomy but that the improvements would be reduced after revision surgery.
methods
We retrospectively reviewed records of all patients who had undergone a primary or revision discectomy at the Cleveland Clinic Center for Spine Health from January 2008 through December 2011. Institutional review board approval was obtained. The study design was not longitudinal; rather, the design comprised two separate populations of patients who, during this time frame, underwent either a primary or a revision discectomy. Patient and operative data were obtained from electronic medical records. We included in the study only those patients for whom both preoperative and postoperative QOL data were available. The QOL data were collected in conjunction with the institutional Knowledge Program, which is a patient-derived outcome assessment tool that is embedded in the electronic medical record. Before they were seen by the health care provider (pre-and postoperatively), all patients were given a portable tablet computer and asked to complete the questionnaire. The responses to these questions were then automatically transferred to the patients' medical record. Preoperative QOL data were collected an average of 27.8 days before surgery, and postoperative QOL data were collected an average of 150.6 days after surgery (mean [± SD] 158.2 ± 217.6 days for those in the primary discectomy group [primary cohort] and 139.4 ± 132.4 days for those in the revision discectomy group [revision cohort]). This difference between the groups was not significant. From the revision cohort, we subsequently identified a subset of patients who had experienced a third disc herniation (second recurrence) for which they then underwent either surgical or conservative management; we recorded posttreatment QOL data for this subset of patients.
QOL measures included responses to the EQ-5D, PHQ-9, and PDQ. For all measures except the EQ-5D, a decreased score represents improvement. The quality-adjusted life year (QALY) measure is derived from the EQ-5D and is calculated as follows: QALY = (years of life) × (utility value). For this equation, 1 year of perfect health is assigned the utility value of 1.0 and death is assigned a value of 0.0; anything between perfect health and death is assigned a value between 0.0 and 1.0. This utility value is based on the EQ-5D scores and converted to QALY values by using QOL standards for the United States. 2, 8, 9, 11 The PDQ uses an 11-point (0-10) scale to assess how pain affects the patient's ability to function in 15 categories. It is subdivided into functional and psychosocial components, which are combined to give a total score with a maximum of 150 points (higher scores indicate greater levels of pain/ disability). 17 The PHQ-9 screens for depression according to the 9 criteria established by the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, in which scores from 5 through 10 indicate minor depression and scores greater than 10 indicate major depression. 18 The minimum clinically important differences (MCIDs) used for the EQ-5D, PDQ, and PHQ-9 scores at 1 year were 0.1, 26, and 5, respectively. [19] [20] [21] All data were analyzed using JMP 9.0 (SAS Institute Inc.). Descriptive statistics summarizing patient demographics are presented as means and SDs or counts with percentages, as appropriate. Paired t-and Wilcoxon signed-rank tests were used for parametric and nonparametric data, respectively, to ascertain significance in the preoperative to postoperative change in QOL score for each patient for the respective questionnaire. The primary and revision cohorts were compared with respect to numeric variables by using independent sample t-tests and with respect to categorical variables by using Fisher exact tests. Multivariable logistic regression was used to assess the association between success of surgery (as defined by QALYs exceeding the MCID) and revision versus primary surgery, while adjusting for potential confounders. Crude and adjusted odds ratios with 95% confidence intervals were calculated for the adjusted variables. All p values ≤ 0.05 were considered statistically significant.
results
A total of 196 patients (116 primary discectomy, 80 revision discectomy) fit our inclusion criteria; 22 patients had been excluded because of incomplete questionnaire responses, but no differences were found between these patients and the study cohort. The mean age of patients in the primary cohort was 49 years and that of those in the revision cohort was 57 years (p = 0.0004); the average follow-up time was 150.6 days ( Table 1 ). The percentage of male patients in the revision cohort (45%, 36/80) was significantly smaller than that in the primary cohort (61%, 71/116; p = 0.03). No significant differences were observed between the cohorts in terms of race, marital status, smoking status, or follow-up time. Patients in the revision cohort were significantly more likely than those in the primary cohort to have had surgery performed at L3-4 (p = 0.01) and L4-5 (p = 0.004) and at significantly more levels (1.5 vs 1.1 levels, p < 0.0001). Preoperative QOL scores did not differ significantly between cohorts.
Postoperative scores for all QOL measures improved significantly over preoperative scores for patients in both cohorts ( Table 2 ). Mean QALY scores for those in the primary cohort improved by 0.25 points (range 0.46-0.71, p < 0.001) and for those in the revision cohort by 0.18 points (0.40 to 0.58, p < 0.001). The change in QALY scores trended toward being significantly greater for patients in the primary than in the revision cohort (p = 0.06), although both cohorts exceeded the MCID of 0.1. QALY scores improved for a significantly greater percentage of patients in the primary cohort (76% vs 59%, p = 0.02), and improvement exceeded the MCID for a significantly greater percentage of these patients (62% vs 45%, p = 0.03). PHQ-9 depression scores did not differ significantly between the cohorts. Similarly, preoperative and postoperative changes in PDQ scores did not differ significantly (27.6 vs 23.8 for the primary vs revision cohort, respectively; p = 0.3). Improvement exceeded the MCID for a significantly greater percentage of patients in the primary (56%) than in the revision (33%) cohort (p = 0.04).
Because patients in both groups differed in several baseline characteristics (including demographic and operative characteristics), we performed a multivariable logistic regression to determine if QOL outcomes differed between primary and revision surgery, while adjusting for these baseline differences (Table 3) . Variables controlled for included patient characteristics (e.g., age and sex) and operative characteristics (e.g., specific spinal levels and total levels operated on). When the baseline demographic and operative variables were adjusted for, primary surgery was found to be a significant independent predictor of successful postoperative outcome (p = 0.001); odds of a successful outcome (QALY change exceeds the MCID) were 3.7 times greater for those who underwent primary surgery than for those who underwent revision surgery. Similarly, the preoperative QALY score was also a significant predictor of successful postoperative outcome. Of the 80 patients who underwent a revision discectomy yet another recurrent herniation (third herniation) occurred in 14 (17.5%). Of these, 4 patients (28.6%) chose to undergo a second revision discectomy (i.e., a third discectomy surgery) and the other 10 (71.4%) underwent conservative management. Whereas QOL scores improved for patients after the revision discectomy (albeit smaller improvements compared with the primary discectomy), QOL scores for all questionnaires worsened for all who underwent a second revision discectomy (Fig. 1) . A comparison of QOL scores from first to second to third discectomy showed that QALY scores changed from 0.67 ± 0.13 to 0.73 ± 0.12 to 0.32 ± 0.08; PHQ-9 changed from 11 ± 7.5 to 3.3 ± 2.6 to 5 ± 4.4; and PDQ changed from 99 ± 18.3 to 68 ± 35.7 to 86.7 ± 40.5, respectively. Among those who experienced a recurrent herniation after the revision discectomy, QOL changes were significantly worse for those who underwent a third discectomy than for those who underwent conservative management of the third herniation. For those who underwent a third discectomy, QALY scores decreased from 0.64 after the second discectomy to 0.32 after the third discectomy (decrease of 0.32, p = 0.02); in contrast, for those who underwent conservative management, QALY scores increased from 0.42 to 0.43 (increase of 0.01, p = 0.9). This finding represented a significantly worse QOL outcome for those undergoing surgery for the third herniation (p = 0.03).
discussion
In the United States, it is a generally accepted practice to treat 1-time recurrent lumbar disc herniations with a revision discectomy. Similarly, 2-time recurrences are most often treated with a fusion procedure. There is a paucity of literature that has defined with validated measures the QOL for patients who undergo revision lumbar discectomy. Our intent with this study was to define these outcomes with the hypothesis that QOL would improve for all patients after primary and revision discectomy but that the improvements would be reduced after revision surgery.
Of the 196 patients who underwent primary and revision discectomy at our institution, most experienced preoperative to postoperative improvement in all QOL measures. For many, these improvements were not only statistically significant, but they were also clinically significant (as indicated by exceeding the MCID). Although improvement was experienced in all groups, EQ-5D QALY scores improved most for those in the primary cohort. Furthermore, the percentage of patients who experienced any improvement and the percentage of those who experienced improvement greater than the MCID was significantly greater for the primary versus revision cohort. This difference between primary and revision cohorts was seen despite preoperative QOL similarity for both groups. Although previous studies have not used the validated EQ-5D, PHQ-9, and PDQ measures to compare primary versus revision discectomy QOL outcomes, other studies have compared the surgical outcomes between these groups. Most of these previous studies did not find significantly different outcomes. Suk et al. 19 retrospectively reviewed data collected from 28 patients who had undergone a revision discectomy after a primary discectomy at their institution. The authors found no significant difference in clinical improvement when comparing revision and primary surgeries, as interpreted from their review of the medical record.
Cinotti et al. 3 prospectively compared outcomes obtained in 26 patients who had undergone revision discectomy with outcomes in 50 control patients who had undergone a primary discectomy. They found no significant difference between groups; postoperative satisfaction was reported by 85% of those in the revision group and 88% in the control primary discectomy group. They also found no difference between groups in ability to perform daily activities. * Because not all questionnaires were completed by every patient at every visit, percentages are based on the total number of patients for whom both preoperative and postoperative scores for the given questionnaire were available. † Δ represents the change in score; improved > MCID represents the number and percentage of patients for whom improvement exceeded the respective MCID threshold. Categorical variables are presented as number (%). ‡ p values were used to compare changes between the primary and revision discectomy groups and were calculated by using independent t-tests. § Significant (p ≤ 0.05). Paired t-tests and Wilcoxon signed-rank tests were used for parametric and nonparametric data, respectively, when analyzing preoperative to postoperative changes. In a retrospective matched cohort study, Papadopoulos et al. 16 reviewed the records of 27 patients who had undergone a revision discectomy and 30 patients who had undergone a primary discectomy. The authors contacted the patients by telephone and asked them to complete the Musculoskeletal Outcomes Data Evaluation and Management System outcomes measure. This questionnaire assesses a range of factors including pain, function, neurological deficit, and psychological factors. The authors found no significant difference in satisfaction after surgery or in any of the function outcomes; they did, however, find that leg numbness was significantly more frequent and severe and that low-back/buttock pain was significantly more frequent for those in the revision cohort than for those in the primary discectomy group. In our study, pain/disability outcomes were significantly worse and QOL improvements were significantly lower for patients who had undergone revision discectomy than for those who had undergone a primary discectomy. One explanation for the differences between the outcomes of our study and those of the Papadopoulos et al. study might be the use of different validated QOL outcome measures. Another explanation might be that the sample size for the Papadopoulos et al. study was small and may have been underpowered to detect more subtle differences between groups.
The findings from our study demonstrating inferior postoperative outcomes for those undergoing revision discectomy relative to primary discectomy are supported by previous studies in the spine surgery literature. Previous reports have indicated that patients undergoing a primary discectomy have a 76%-95% chance of satisfactory results as measured by pain and functional measures, whereas only 59%-81% of those undergoing a revision discectomy will achieve the same results. 6, 15, 18, 21, 23 Although our findings suggest that QOL improvements are less for those undergoing revision discectomy than for those undergoing primary discectomy, the improvements experienced by revision discectomy patients nonetheless often exceed the MCID threshold. In contrast, QOL outcomes tend to be relatively poor for patients who experience another recurrent (third) herniation after revision discectomy. In our cohort, a third herniation at the same level as the original herniation (index level) was experienced by a fairly large number of patients (17.5%) after the revision procedure. Scores for all questionnaires (EQ-5D, PHQ-9, and PDQ) tended to improve after the first revision procedure but worsen after the patient experienced another herniation. This latter worsening, however, was largely a function of undergoing a second revision procedure. In our study, 4 (28.6%) of 14 patients chose to undergo a third discectomy (second revision discectomy), and the rest received nonsurgical treatment. Scores worsened significantly for those who underwent surgery (QALY scores decreased by 0.32), whereas they virtually did not change for those who received conservative management (increase of 0.01).
These data have several major implications. Patients who choose to undergo a primary discectomy or revision discectomy will probably experience postoperative improvement in their QOL scores. Patients, however, should be made aware of the likelihood that their postoperative QOL improvement after a revision discectomy will not be as good as the postoperative improvement after the primary discectomy. Approximately 18% of patients will experience yet another herniation after the revision discectomy; for these patients, QOL outcomes will be better if they undergo conservative management than if they undergo a third discectomy at the same level as the original herniation. However, it should be noted that this preliminary conclusion is based on a small sample size and thus needs further validation. On a healthcare economics level, we can use these QOL outcomes to evaluate cost-effectiveness of performing revision versus primary discectomies.
Ambrossi et al. 1 performed a retrospective health care cost analysis of patients who underwent either revision surgery or conservative therapy for symptomatic samelevel recurrent disc herniations. The authors did not assess validated QOL outcomes. They found that the mean cost of conservative management was $2315, whereas the mean cost of revision discectomy was $39,836. In another study, Parker et al. 17 found that the mean cost per patient for primary discectomy surgery was similar to that for revision discectomy, $42,554. In a randomized study, Malter et al. 13 analyzed insurance data from 372 patients who had undergone discectomy and found that the mean cost for these patients was $13,390.
Using the aforementioned costs reported in the literature as well as the QALY results obtained in our study enabled us to perform a preliminary cost-effectiveness analysis. This analysis can be used to estimate the value of the revision versus the primary discectomy. The cost effec- tiveness can be reported as the cost of the surgery divided by the gain in QALY from the respective surgery. On the basis of our analysis, the cost/QALY gained for primary discectomy would be $53,560-$170,216, whereas that for revision discectomy would be $74,389-$221,311 (depending on the actual cost of surgery). According to results of this rough analysis, although the procedure may not fall below the $50,000-$100,000/QALY-gained threshold, 11 the revision discectomy is nonetheless less cost effective by $20,829-$51,095/QALY gained.
Our study has several limitations that must be considered when interpreting the results. It was a retrospective study with only a limited sample size and a single postoperative time point. Follow-up times varied, although they were not significantly associated with outcome and therefore did not confound the results. Future prospective studies are needed for evaluation of the change in postoperative QOL over time. There were also differences between the cohorts that could potentially confound the results; we attempted to account for these by using multivariable logistic regression analysis. To our knowledge, however, ours is the first study to investigate the difference in QALY, PHQ-9, and PDQ outcomes for patients undergoing revision versus primary discectomy. Our study included the largest number of patients of any study reported in the literature and used a unique combination of validated QOL questionnaires, which together provide psychosocial and QOL outcome information about this prevalent spine surgery population.
conclusions
Our study demonstrated that QOL, pain and disability, and psychosocial outcomes improve after both primary and revision discectomy but that the improvement is diminished after the revision discectomy. Moreover, because the QOL gained decreases after revision discectomy and the costs of primary and revision discectomies are similar, the cost effectiveness of revision discectomy is less than that of primary discectomy. These results can enable clinicians and patients to better understand the postoperative QOL outcomes associated with primary and revision discectomy and thereby be more informed about treatment options. To validate our findings, prospective studies using these or equivalent QOL instruments are needed.
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